
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



THE PATHOGENIC EFFECT AND NATURE OF A 
TOXIN PRODUCED BY B. PARATYPHOSUS B 

E. E. E C K E R 
From the Department of Hygiene and Bacteriology of the University of Chicago 

The fact that certain bacteria excrete substances which reproduce 
the symptoms caused by the organisms themselves, has led to the con- 
clusion that bacteria, in general, produce disease by excreting poisons 
which are detrimental to a given host. Notwithstanding considerable 
evidence in favor of this conclusion, it has been possible in but few 
instances to isolate and identify toxic bacterial products as causes 
of pathologic effects. 

This paper presents the results of experiments which indicate the 
production of soluble toxins by B. paratyphosus B, and make it prob- 
able that it is to these particular toxins that the bacillus of Achard 
and Bensaude owes its disease-producing power. Before entering on 
the discussion of the details of experimental data, a review of pre- 
vious work is given. 

Trautmann (1903), 1 Uhlenhuth (1906), 2 and others introduced the first sug- 
gestive evidence of the production of soluble toxins by B. paratyphosus. Roily, 3 
in 1906, made similar observations and determined a toxic action of 6 days 
old . broth cultures. Cathcart,* in 1906, published evidence of thermostabile 
poisonous substances gained from autolyzed paratyphoid bacilli. Kraus and 
Stenitzer 5 (1907) communicated results which, although incomplete, showed that 
old alkaline broth cultures (11-27 days old) of B. paratyphosus contained certain 
substances which were fatal to the ordinary laboratory animals, producing diar- 
rhea and paralysis of the posterior extremities. Unlike the toxin obtained by 
Cathcart, the poisonous substances of Kraus and Stenitzer were thermolabile. 
Franchetti" in the following year (1908) employing several strains, obtained 
inconstant results, but some toxins which he secured produced diarrhea, pros- 
tration, paralysis of the posterior limbs, and, in certain instances, coma and 
death on intravenous injections. In attempting to produce immunity to these 
substances in rabbits, Franchetti obtained a serum of such slight neutralizing 
action in vitro that he concluded it doubtful whether the serums of animals 
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thus immunized were protective against toxic nitrates. Konrich' in the same 
year (1908) offered also incomplete evidence of slight toxicity of sterile cul- 
ture filtrates. The symptoms produced in mice were not characteristic, whereas 
guinea-pigs showed embarrassed breathing, chills, and prostration following 
intraperitoneal injections of the toxins. Yamanouchi, 8 in 1909, prepared highly 
toxic fluids by filtering 7-day broth cultures through Chamberland candles. 
His results have been criticized on the ground that his culture medium con- 
tained a high percentage of peptone, which is known to be toxic. He stated 
that typhoid toxin is neutralized by its homologous serum, while paratyphoid 
toxin is not. In contrast to the thermostability of the toxic filtrates noted by 
most observers, Yamanouchi found toxicity wholly destroyed at 100 C. Zwick 
and Weichel" (1910) were able to prepare a sterile toxic filtrate from a strain 
of B. paratyphosus isolated from a case of septic mastitis in cattle. This toxic 
filtrate produced acute symptoms of intoxication in mice and guinea-pigs. 
Hofmann 10 (1912) likewise obtained toxic-filtrates from paratyphoid bacilli. 
His filtrates retained their toxicity after heating for a full hour at 80 C. 
Schern 11 (1912) employing 4-week broth cultures passed through Berkefeld 
filters, found a low grade of toxicity, variable in pathogenic action and heat 
resistance. Messerschmidt 13 (1912) reported the presence of toxic compounds 
in filtrates of this organism, which he isolated from the stool of a patient 
with severe dysenteric symptoms. 

In the work thus far cited, it will be observed that there is divergence of 
results as to the general properties of the poisonous substances obtained by 
the several workers, both as regards heat resistance and the production of 
symptoms. In addition to these more or less contradictory positive findings, 
there are negative results obtained by Brion and Kayser 13 (1902). Levy and 
Fornet" (1906) injected 48-hour broth culture filtrates into guinea-pigs and 
observed no toxic effects, although the culture used was virulent for guinea- 
pigs. Kutscher and Meinicke ls (1906) recorded equally negative results from 
their experiments concerning the production of soluble toxins from Eberth 
Gaffky's bacillus and B. paratyphosus. Sacquepee 10 (1907) found the filtrates 
of B. enteritidis toxic and thermostabile, but not those of B. paratyphosus. 
Glaser" (1910) grew paratyphoid bacilli on meat, filtered the expressed juice 
through Reichel filters and injected heated and unheated filtrates into mice. 
The juice of the infected meat, incubated for 5 days at 37 C, and heated at 
60 C, for 3 hours, killed mice in 18-24 hours. He concluded that the presence 
of a soluble toxin is doubtful. In the summary of his paper the statement 
was inserted that thermostabile toxins could not be demonstrated. Bidault" 
(1914) denied the existence of exotoxins in the paratyphoid-enteritidis group, 
and held that the toxic substance is firmly bound to the bodies of the organ- 
isms. During the food-poisoning epidemic, Bernstein and Fish u (1916) iso- 
lated a paratyphoid bacillus which failed to produce soluble toxins. 

7 Klin. Jahrb., 1908, 19, p. 247. 

8 Compt. rend. Soc. de biol., 1909, 66, p. 26. 
» Arb. a. d. k. Gsndhtsamte, 1910, 34, p. 391. 

10 Zur Kenntniss der Wirkung der Paratyphustoxine, Inaug. Diss., Heidelberg, 1912. 

11 Centralbl. f. Bakterio!., I., O., 1912, 61, p. 15. 

12 Ibid., 1912, 66, p. 35. 

13 Miinchen. med. Wchnschr., 1902, 1, p. 611. 
" Centralbl. f. Bakteriol., 1906, 41, p. 161. 

" Ztschr. f. Hyg. u. Infectionskrankh., 1906, 52, p. 301. 

M Compt. rend. Soc. de biol., 1907, 63, p. 328. 

" Ztschr. f. Hyg., 1910, 67, p. 459. 

» Compt. rend. Soc. de biol.. 1914, 76, p. 422. 

19 Jour. Am. Med. Assn., 1916, 66, p. 167. 
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In view of the incompleteness and contradictory nature of pre- 
vious work, I have made a systematic and comprehensive attempt to 
determine whether or not B. paratyphosus B may be induced to pro- 
duce a true soluble toxin under suitable cultural conditions. 

To this end I have employed largely a broth prepared as follows: 500 gm. 
of lean meat (beef) were covered with 1000 c.c. of water. This was macerated 
for 24 hours and then strained through wet cheese cloth, the juice expressed, 
and the original volume of the fluid restored by addition of water. The 
reaction was made neutral to phenolphthalein, and the broth inoculated with 
B. coli and incubated for 18 hours. The infusion was then sterilized in the 
autoclave. After filtration, 2% Witte's peptone was dissolved in the medium 
and the reaction determined. The range of the reaction was 0.3%-0.6% 
(normal acid). In early experiments the broth was made alkaline according 
to the method of Kraus and Stenitzer, namely by adding 2.4 c.c. of N/NaOH 
per liter of fluid previously made neutral to phenolphthalein. Witte's peptone 
always gave the most satisfactory results. The medium was then distributed 
in 1-liter flasks, each containing about 150 c.c, so as to keep the layer as 
shallow as possible. It was then sterilized for 10 minutes in the autoclave at 
15 pounds, and inoculated with a standard loop from a 24-hour culture of 
bacilli in broth, and incubated at 37 C. After the incubation period, which was 
varied according to conditions, the culture was tested for purity and filtered 
through a Berkefeld N bougie. The sterility of the filtrates was determined 
by inoculation in agar, broth, and fermentation tubes. 

Employing this medium, the toxin-production of Strain 2 (Appen- 
dix) was first tested. Under a variety of conditions, however, this 
strain was found to be devoid of all toxin- producing power in vitro. 
The organisms of this strain also possessed but slight virulence for 
mice. 

Examination of the action of 9 additional strains of B. paraty- 
phosus B, however, showed Strain 2 to be an exception rather than the 
rule. With all of the other strains the production of a toxic filtrate 
occurred. The degree of the toxicity of such filtrates and the effects 
on rabbits are shown in Table 1. 

From Table 1 it appears that a toxic filtrate may be obtained from 
strains of B. paratyphosus B in general, when the organisms have 
been grown in a suitable broth for 8-14 days at 37 C, and that the 
toxicity is not that of the peptone constituent as such. Cultures in 
peptone-free mediums did not produce toxic substances. The con- 
trols show, however, that when upward of 5% peptone is used in the 
culture medium the toxicity of this substance becomes a complicating 
factor, as was undoubtedly the case in much previous work. 8 Strains 
178, 180, and 185 gave the strongest toxic filtrates. 
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TABLE 1 
Presence of Toxic Substances in 8-14 Days Culture Filtrates 



Num- 
ber 


Babbit 

Weight, 

6m. 


Strain 

of 

Organism 


Peptone 

% 
of the 
Broth 


Age of 
Culture 

When 
Filtered, 

Days 


Amount 

of 
Filtrate 
Injected, 

C.c. 


Results 


1 
2 

3 


1115 
1150 

1000 


12 

178 

(Control) 


1 
1 

1 


14 
14 


5 
5 

5 


Prostration 1 hr. and 15 min. after in- 
jection; marked dyspnea 

Prostration 1 hr. after injection. 
Marked dyspnea and paralysis of 
posterior extremities 

No symptoms 


4 

5 
6 


850 

850 

80O 


178 

96 
(Control) 


1 

1 
1 


14 
14 


3 

3 
3 


Severe prostration 1 hr. after injection. 

Marked dyspnea and paralysis of 

hind limbs 
Slight prostration. Slight dyspnea. No 

paralysis 
No symptoms 


7 
8 
9 
10 
12 


700 
465 
550 
1030 
950 


180 
180 
180 
180 
(Control) 


2 
2 
2 
2 
2 


8 
8 
14 
14 


5 
1 

1 
5 
5 


Prostration 1 hr. after injection. 
Marked dyspnea and paralysis. Death 
in 5 days 

Prostration 1 hr. and 15 min. after 
injection. Marked dyspnea and par- 
alysis. Death in 6 days 

Prostration 45 min. after injection. 
Marked dyspnea and paralysis of pos- 
terior extremities. Death in 2 hr. 

Prostration 1 hr. after injection. 
Marked dyspnea and paralysis of pos- 
terior extremities. Death in 2 hr. 

No symptoms 


43 

44 

45 


1164 
859 
664 


185 

185 

(Control) 


2 

2 
2 


12 

15 


2 
2 
2 


Prostration, severe dyspnea and paral- 
ysis of posterior extremities. Death 
2 hr. and 15 min. after injection 

Prostration 1 hr. after injection. 
Severe dyspnea and paralysis of pos- 
terior extremities. Death 12 hr. later. 

No symptoms 


14 
15 
16 


1350 

1200 
1000 


178 

178 

(Control) 


3 
3 
3 


14 
14 


5 
2 
5 


Prostration 45 min. after injection. 
Severe dyspnea and paralysis of pos- 
terior extremities. Death in 2 hr. 

Prostration 45 min. after injection. 
Severe dyspnea and paralysis of pos- 
terior extremities 

No symptoms 


18 
19 
20 

21 


950 
1230 
1000 
10OO 


178 

178 

178 

(Control) 


5 
5 
5 
5 


14 
14 
14 


5 
5 
2 
5 


Prostration 45 min. after injection. 
Total paralysis. Severe dyspnea. Con- 
vulsions. Death in 1 hr. and 45 min. 

Prostration 45 min. after injection. 
Severe dyspnea and complete paral- 
ysis. Death in iVz hr. 

Prostration 1 hr. after injection. 
Severe dyspnea and complete paral- 
ysis. Death in 5% hr. 

Prostration; death in 18 hr. 



Having shown that B. paratyphous B produces substances which 
are toxic when introduced into the circulating blood, I next deter- 
mined the relative toxicity of such filtrates when introduced 'intraperi- 
toneally and subcutaneously. In general the toxic action was relatively 
slight following injection by the latter avenues, as illustrated in 
Table 2. 
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TABLE 2 



Comparative 


Toxicity of Filtrates Introduced Intravenously, Intraperitoneally, 










AND SUBCUTANEOUSLY 




Weight 


Toxin 178 


Amount 






Num- 


Rabbit, 


12 Days 


Inject- 


Route 


Results 


ber 


Gm. 


Old 


ed, 
C.c. 






25 


580 


Filtrate, 12 
days old 


2 


Intravenous 


Marked prostration, diarrhea, dyspnea, 
and .paralysis; death in 48 hr. 


23 


960 


Filtrate, 12 
days old 


5 


Intraperitoneal 


Slight prostration 3 hr. alter the in- 
jection 


24 


950 


Filtrate, 12 
days old 


5 


Subcutaneous 


Normal 


28 


900 


Control 
broth 


5 


Intravenous 


Normal 


27 


650 


Control 
broth 


5 


Intraperitoneal 


Normal 



Table 2 shows that the same filtrate which produces marked symp- 
toms of intoxication when injected intravenously has little or no 
effect when introduced intraperitoneally or subcutaneously. 

The results thus far discussed were those obtained by the toxic 
filtrates from cultures of considerable age, namely, 8-14 days. To 
determine whether or not the toxicity was dependent on the products 
of bacterial autolysis, a number of series of tests was made beginning 
with relatively young cultures, 24 hours old, and ending with 15-day 
cultures. A total count of the viable cells was made after 24 hours' 
growth, and also before filtration of the cultures contained in each 
flask. 

When injected into rabbits the filtrates from 24-hour cultures of 
Strains 180 and 185 also caused symptoms of intoxication which 
were the same as those produced by the filtrates of older cultures 
(Tables 3 and 4). 

Tables 3 and 4 show that filtrates from 24-hour cultures of 
Strains 180 and 185 possessed a distinct lethal action on rabbits, the 
symptoms of intoxication being similar to those produced by the 
filtrates from cultures a week or more old. Further tests bearing on 
the same point were made by employing all the other strains (Appen- 
dix). In all these instances, a potent toxin could be obtained in young 
cultures, but the toxicity of the filtrates varied greatly with the dif- 
ferent strains. The alkalinity of the filtrates progressively increased 
with the age of the cultures. The plain broth was without effect on 
the animal. 

Having thus established the fact that certain strains of B. para- 
typhosus B actually produce toxic-broth filtrates, both in young and 



TABLE 3 
Toxic Action of Filtrates from 1-, 3-, 6-, 9-, 12-, and 15-Day Cultures of Strain 180, 

B. PARATYPHOSUS B. 







Reaction 


Age of 


Number 


Number 


Amount 






Babbit 


of 


Culture 


of Organ- 


of Non- 


Injected 




Num- 


Weight, 


Culture 


at 


isms per 


viable 


Intra- 


Results 


ber 


Gm. 


Medium 


Filtra- 


C.c. of 


Cells 


ven- 








+ Acid 


tion 


Cultures 


per C.c. 


ously, 








—Alkaline 








C.c. 




29 


530 


+0.1 


24 hr. 


2870000000 




3 


Severe prostration, dyspnea, 
diarrhea, paralysis of hind 
limbs and spasms; death in 
1 hr. and 40 min. after in- 
jection 


30 


1110 


+0.1 


24 hr. 


2870000000 




2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; death in 1 hr. 
and 45 min. 


31 


510 


+0.1 


24 hr. 
24 hr. 


2870000000 
4570000000 




0.5 


Prostration, dyspnea, recovery 


32 


1300 


-0.3 


72 hr. 
24 hr. 


911000000 

6100000000 


3659000000 


2 


Severe prostration, dyspnea, 
and paralysis of hind limbs; 
death 36 hr. after injection 


33 


1100 


-0.6 


6 days 
24 hr. 


324000000 
46O00O0O0 


5776000000 


2 


Severe prostration, dyspnea, 
and paralysis of hind limbs; 
death 10 days after injection 


34 


1200 


-0.8 


9 days 
24 hr. 


116000000 

610000000 


344000000 


2 


Prostration, dyspnea, slight 
diarrhea, but no paralysis; 
death 12 hr. after injection 


35 


1300 


—1.3 


12 days 
24 hr. 


61500000 

398000000 


548500000 


2 


Slight prostration; recovery 


36 


1080 


—1.0 


15 days 
24 hr. 


70000000 

398000000 


328000000 


2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; convulsions and 
death in 2 hr. and 15 min. 


37 


1650 


—1.0 


15 days 


70000000 


328000000 


4 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; convulsions and 
death 12 hr. after injection 


38 


1610 


+0.3 
control 
broth 








4 


Not sick 



Toxic Action of Filtrates fro 

Strain 185 



TABLE 
1-, 3-, 6- 



9-, 12-, and 15-Day Old Cultures of 
b. paratyphosus b. 







Reaction 
















of 


Age of 


Number 


Number 


Amount 






Rabbit 


Culture 


Culture 


of Organ- 


of Non- 


Injected 




Num- 


Weight, 


Medium 


at 


isms per 


viable 


Intra- 


Results 


ber 


Gm. 


at Fil- 


Filtra- 


C.c. of 


Cells 


ven- 








tration 


tion 


Cultures 


per C.c. 


ously, 








+ Acid 








C.c. 








—Alkaline 












39 


760 


+0.25 


24 hr. 
24 hr. 


520000000 
510000000 




2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; death 12 hr. after 
injection 


40 


700 


-0.3 


72 hr. 
24 hr. 


210000000 
720000000 


300000000 


2 


Prostration, dyspnea; no diar- 
rhea or paralysis; recovery 


41 


660 


-0.4 


6 days 
24 hr. 


220000000 
1100000000 


500000000 


2 


Prostration, dyspnea; no diar- 
rhea or paralysis; recovery 


42 


757 


-0.8 


9 days 
24 hr. 


141000000 
280000000 


959000000 


2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; recovery 


43 


1164 


—0.9 


12 days 
24 hr. 


127000000 
1000000000 


153000000 


2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; death in 1 hr. 
and 45 min. after injection 


44 


851 


—1.0 


15 days 


29000000 


971000000 


2 


Severe prostration, dyspnea, 
diarrhea, and paralysis of 
hind limbs; convulsions prior 
to death; death in 8 hr. 


45 


664 


+0.4 
control 
broth 








2 


Not sick 
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old cultures, I next attempted to determine whether or not the sub- 
stances conferring this toxicity were true in the sense that they were 
susceptible to specific antitoxin neutralization. To this end, the toxic 
filtrates were injected into rabbits and the serums, tested from time to 
time for their power of elimination of the toxic action of such filtrates, 
when injected intravenously into normal rabbits. Table 5 shows the 
action of a neutralizing serum thus obtained. The serum tested in 
this experiment was that of Immune Rabbit B which had been sub- 
jected to the injection of 21 c.c. of the toxic filtrates from 24-hour 
cultures of B. paratyphosus B Strain 185. The 1st injections were 
made subcutaneously (2 injections of 5 c.c.) ; an intermediate injec- 
tion (intraperitoneally of 5 c.c), and finally 3 doses intravenously 
(2 c.c). The whole period of immunization comprised 37 days. 

TABLE 5 

Antitoxic Action of Serum of Rabbit Immunized with Toxic Filtrates of Strain 

185, b. paratyphosus b * 







Amount of 


Amount of 






Rabbit 


24-Hr. Filtrate 


Serum Used 




Number 


Weigtit, 


from Strain 185 


for Neutraliza- 


Eesults 




Gin. 


Employed as 
Toxin, C.c. 


tion of 
Toxin, C.c. 








2 




Death in 5% hr. after injection 
Death 2 hr. after injection 


64 


690 


2 


2, normal 


65 


650 


2 


1, immune B 


Death 3 days after injection 


66 


615 


2 


2, immune B 


Slightly sick; recovery 


67 


700 


2 


3, immune B 


No effects 


68 


725 


4 


4, immune B 


Slightly sick; recovery 



♦ Serum-toxin mixtures allowed to stand 1 hr., at 37 C, and then injected intravenously 
into normal rabbits. 



The experiments in Table 5 show that the toxicity of the broth 
filtrate is due to a content of true toxin, inasmuch as the injection 
of such filtrates into a suitable host induces the production of specifie 
neutralizing substances not present in normal serum. 

Further evidence of the toxin-neutralizing power of Immune 
Serum B is given in Table 6. Native and boiled toxins were used in 
the experiments described. 

Table 6 clearly indicates inhibition of the toxic action of the 
filtrate by Immune Serum B, whether the filtrate has been heated 
or not. 

A similar experiment was conducted with the toxin of Strain 180, 
B. paratyphosus B and its specific ' antiserum. For this purpose 
Immune Rabbit C received 2 subcutaneous injections of 5 c.c each of 
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TABLE 6 

Antitoxic Action of Serum of Rabbit Immunized with Toxic Filtrates of Strain 

185, B. paratyphosus B * 







Amount of 


Amount of 






Rabbit 


24-Hr. Filtrate 


Serum Used 




Number 


Weight, 


from Strain 185 


for Neutraliza- 


Results 




Gm. 


Employed, 
C.c. 


tion of the 
Toxin, C.c. 




70 


1050 






Severe prostration, dyspnea, diarrhea, 
and paralysis of hind limbs; death 






100 O.) 












in 12 hr. 


71 


900 


2 


2.5, norma! 


Severe prostration, dyspnea, diarrhea, 
and paralysis of hind limbs; death 
in 8 hr. 


72 


850 


2 


2.5, immune B 


No symptoms 


73 


940 


2 (5 min. at 
10OO.) 


2.5, immune B 


No symptoms 



* Serum-toxin mixtures allowed to stand 1 hr., at 37 C, and then injected intravenously 
into normal rabbits. 

TABLE 7 
Antitoxic Action of Serum of Rabbit C Immunized with Toxic Filtrates of 







Strain 180, B. paratyphosus B * 






Amount of 


Amount of 






Rabbit 


24-Hr. Filtrate 


Serum Used 




Number 


Weight, 


from Strain 180 


for Neutraliza"- 


Results 




Gm. 


Employed, 
C.c. 


tion of 
Toxin, C.c. 




74 


780 


2 




Severe prostration, dyspnea, diarrhea, 
and paralysis of posterior extremi- 


















ties; recovery 


75 


560 


2 


2, normal 


Severe prostration, dyspnea, diarrhea, 
and paralysis of posterior extremi- 
ties; recovery 


76 


630 


2 


1, immune O 


Slight prostration, dyspnea 


77 


625 


2 


2, Immune C 


Slight dyspnea 


78 


705 


4 


4, immune O 


Slight prostration, dyspnea, and diar- 
rhea; recovery 



* Serum-toxin mixtures allowed to stand 1 hr., at 37 C, and then injected intravenously 
into normal rabbits. 

this toxin ; 10 c.c. intraperitoneally, and 2 of 2 c.c. intravenously over 
a period of 37 days. The toxin employed in this experiment failed to 
kill the control rabbits but produced an acute and severe toxemia 
(Table 7). 

The results recorded in Table 7 show a definite elimination of the 
symptoms of the toxemia through the action of Immune Serum C. 

Further evidence of the antigenic power of the culture filtrates is 
seen in the fact that the immune serums possess a marked specific 
agglutinating action for B. paratyphosus B. Thus the serum of 
Immune Rabbit B and of Immune Rabbit C discussed above, in addi- 
tion to their antitoxic action, agglutinated suspended paratyphoid 
organisms in a dilution of 1 : 1000 and 1 : 1 100, respectively. The 
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serums also produced complete complement deviation in the dilution 
1 : 1000. 

It appears established, therefore, that sterile toxic filtrates of 
B. paratyphosus B contain substances which stimulate the formation 
of specific antibodies, among which is an antitoxin. 

Certain additional observations concerning an active immunity 
established in a goat and the stability, precipitability, and dialysis of 
the toxin, and effects on animals are here recorded. 

Active Immunity in Goat. — A goat actively immunized against 24-hour cul- 
ture nitrates of Strain 185, B. paratyphosus B, received in all 738 c.c. of the 
toxin during a period of 3 months. The injections were given in the sub- 
cutaneous tissues in increasing doses starting with 5 c.c. and ending with 75 c.c. 
At first the animal displayed marked prostration manifested by stupor, chills, 
and fever. An increase in temperature of 4.6 C. was recorded 4 hours after 
the 1st injection was made. The subsequent injections were followed by an 
increase of 2-3 degrees in temperature. Toward the end of the treatment the 
animal tolerated 75 c.c. at 1 injection without the slightest symptoms of pros- 
tration. The serum of this animal agglutinated B. paratyphosus B 185 sus- 
pended in NaCl solution in a dilution of 1 : 200. Furthermore, the serum 
protected normal rabbits against the toxic effects of 24-hour culture filtrates 
of B. paratyphosus B 185 in as low a quantity as one half of 1 c.c. against 
the usual 2 c.c. dose of the toxin. Control tests with normal goat serums 
showed that they do not possess this neutralizing property. 

Stability of Toxin as to Time. — When stored in the refrigerator at zero or 
at 3-4 C. in a full, sealed receptacle, the filtrate retained an undiminished 
toxicity for a period of 4 months. 

Thermostability. — Boiling the toxin at 100 C. for 5 minutes or heating at 
80 C. for 15 minutes does not appreciably diminish its toxicity. Even heating 
for 5 minutes in the autoclave, at 15 pounds, has not completely destroyed the 
toxin of Strain M. The results of some of these experiments are given in 
Table 8. 

We may safely say that the toxin of B. paratyphosus B is relatively 
thermostabile. 

Precipitation of the Toxin. — The toxic bodies produced by these bacilli are 
precipitated by absolute alcohol and ammonium sulfate. The dried alcoholic 
precipitate redissolved in salt solution 0.85% manifests in rabbits the usual 
symptoms of toxemia, whereas the residue of the filtrate after evaporation in 
vacuo does not produce a state of toxemia. 

Dialysis of the Toxin. — A very strong toxin prepared from Strain 180 
after 24 hours' growth was dialyzed under aseptic conditions for 3 days in a 
collodion sac. The dialysate was injected in 4 c.c. doses into the ear vein of 
a rabbit without the slightest effect, while 2 c.c. of the toxin killed the con- 
trol rabbit within 2 hours. The same experiments were repeated with the toxin 
of Strain 185, with the same results. The toxin itself retained its full strength 
during the dialyzing period. This experiment shows that the toxin is non- 
dialyzable. 

Effect of the Toxin on Rabbits, Guinea-Pigs, Cats, and Mice. — It may be 
stated, as a general rule, that when paratyphoid toxin is injected into the ear 



550 



E. E. Ecker 



TABLE 8 
Effect of Heat on Toxic Culture Filtrates B. paratyphosus B 



dum- 
ber 


Rabbit 

Weight, 

Gra. 


53 


420 


54 


460 


55 


500 


56 


500 


57 


500 


58 


550 


43 


1164 


47 


1033 


48 


765 


49 


700 



Strain of 
Organism 


Age of 
Culture 

at 
Filtra- 
tion 


C 


24 hr. 


C 


24 hr. 


c 


24 hr. 


M 


24 hr. 


M 


24 hr. 


M 


24 hr. 


185 


12 days 


183 


12 days 


185 


12 days 


185 


12 days 



Degree ol Heat 
Applied 



5 min. at 100 C. 



5min. at 100 C. 



5 min. at 15 lb., 

in autoclave 



40 min. at 56 C. 
15 min. at 80 C. 

5 min. at 100 C. 



Amount 
Injected 
Intra- 
ven- 
ously, 
C.c. 



Results 



Marked prostration, dyspnea, 
diarrhea, and paralysis ol 
posterior extremities; recovery 

Marked prostration, dyspnea, 
diarrhea, and paralysis of 
posterior extremities; recovery 

Prostration, dyspnea, and par- 
alysis of posterior extremi- 
ties; recovery 

Severe prostration, dyspnea, 
diarrhea, and paralysis of 
posterior extremities; recovery 

Severe prostration, dyspnea, 
diarrhea, and paralysis of 
posterior extremities; recovery 

Prostration, dyspnea, and par- 
alysis; less marked when 
compared with 56 and 57 

Severe prostration, dyspnea, 
diarrhea, and paralysis of 
posterior extremities; death 
in 1 hr. and 45 min. 

Severe prostration, etc.; re- 
covery 

Prostration, dyspnea, and par- 
alysis less marked; severe 
diarrhea; recovery 

Prostration, dyspnea, severe 
diarrhea, and paralysis of 
hind limbs; death in 2 hr. 



vein of a rabbit in doses of 2 c.c. no symptoms whatever appear in less than 45 
minutes following the administration of the poison. Soon after the injection 
is made the animals seek seclusion, turn restlessly, and show embarrassed 
breathing. This dyspnea increases gradually; the animal in most cases tries 
to keep its head raised. There is definite lack of coordination. If pushed, it 
falls on its side and does not attempt to change its position. In severe cases, 
partial paralysis follows, especially marked in the posterior extremities. This 
stage may last for 2 hours, and usually ends in death. Very strong toxins kill 
in 2 hours in doses varying from 1-2 c.c. In severe toxemias violent con- 
vulsions have been observed prior to death. The animals in this condition 
relapse quickly into the comatose state. I have not observed recovery in any 
rabbit which reached this convulsive stage. In a great majority of the intoxi- 
cated animals, the symptoms are accompanied by a severe diarrhea with an 
excessive amount of fluid, or by discharge of fecal balls. Animals passing 
through this diarrheal stage usually have a good chance for recovery. It was 
also noticed that the heated toxins produce in some instances a much more 
severe diarrhea than the unheated ones. Very often the animals surviving the 
immediate severe attack are found dead the next morning. If death does not 
occur within 24 hours, the animals are likely to survive. Blood examinations 
made from the intoxicated rabbits revealed a leukopenia and also a decrease of 
hemoglobin, possibly due to a laking of erythrocytes. Injections of this 
toxin seem to increase the peristalsis markedly. From a series of 4 experi- 
ments, each with boiled and unboiled toxins in amounts of 1-2 c.c, it was shown 
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that this particular toxin has no direct effect on the contractions of muscle 
strips from the pyloric end of the stomach greater-curvature. Pilocarpin and 
atropin were used in the control sets. Practically all the animals surviving the 
toxemia became greatly emaciated. 

After death congestion of the liver, spleen, intestine, and lungs were usually 
present. Parenchymatous degeneration of the liver was common. The intes- 
tine and peritoneal cavity contained a great amount of fluid. Hemorrhages 
were often found in the lungs. Paralysis of the bladder was also noted. The 
other viscera do not as a rule exhibit any other definitely marked gross changes. 

Intraperitoneal injections of 5 c.c. of a powerful 24-hour filtrate of Strain 
185 into 2 guinea-pigs controlled by intraperitoneal injection of pure broth into 
another guinea-pig resulted in great loss of weight of the first 2 animals. 
Following the injection both pigs appeared prostrated and were very quiet. 
By the next day 1 of the pigs had lost 40 gm. and the other, 50 gm. in weight. 
The original weight was, however, quickly restored. The 3rd animal remained 
well. 

Two cats, each weighing about 900 gm., were given subcutaneous injections 
of a 14-day broth culture filtrate from Strain 178 in 10 c.c. dosage. The broth 
contained 3% peptone and was alkaline to phenolphthalein. A 3rd cat, also 
about the same weight, received the broth alone. Only 1 cat was slightly 
affected. This was the cat that received an injection of the toxin. The ani- 
mal appeared sick on the next day, but recovered quickly. The other cat, 
which received the toxin, was in good condition. A 4th cat, about 1500 gm., 
was fed with meat infected with Strain 185, without effect. A 5th cat, weigh- 
ing about 700 gm., received boiled infected meat (Strain 185) also without 
any signs of poisoning. 

Following the subcutaneous injection of paratyphoid B toxins, the mice 
became prostrated, but most of them recovered. Intraperitoneal injections 
often leads to death. 

SUMMARY 

The evidence presented by early workers points in the direction of 
possible endotoxins as the cause of the pathogenic effects of B. para- 
typhosus B ; while my own results indicate the presence of soluble 
toxins. It is possible that both exotoxins and endotoxins are pro- 
duced by these bacilli. It is to be emphasized that the soluble toxins 
obtained are of low potency, if compared with the toxins of B. diph- 
theriae or B. tetani. Another important distinction between these 
types is the relative thermostability of this particular bacterial poison. 
The production of this toxin is a matter of great difficulty, owing to 
the variations of the organisms, growth conditions, and susceptible 
hosts. The general effects of the filtrates on rabbits following intra- 
venous injections are essentially the same as those observed by 
Franchetti, Kraus and Stenitzer, Yamanouchi, and others. The tox- 
emia strongly resembles an anaphylactic shock. Franchetti attempted 
to produce an antitoxic serum, and found that the serum of animals 
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immunized against either extracts or nitrates are only in certain 
dosages protective. Indeed, Franchetti concluded that it is doubtful 
whether the serum of animals immunized against filtrates will protect 
against the toxic filtrates. The serum of rabbits immunized against 
the filtrates protected other rabbits against the toxic extracts in pro- 
portion of one to one. If a stronger extract was used, the effect was 
nil. Franchetti's antitoxic serum possessed agglutinating properties 
and also some bacteriolysins. Kraus and Stenitzer reported that anti- 
toxins produced to the toxins of B. typhosus protected the experi- 
mental animals not only against the typhoid toxin but also against 
paratyphoid toxin. These authors express the opinion that both 
typhoid and paratyphoid toxins might be bodies with antigenic prop- 
erties. In a recent article, Smith and Ten Broeck 20 report the dis- 
covery of a toxin produced by the bacillus of fowl typhoid, which 
seems to be closely related to the toxin produced by B. paratyphosus B. 
The authors believe that their toxin is probably an endotoxin, for 
increased resistance toward it can be produced only with great diffi- 
culty and to a relatively slight degree. They further state that the 
resistance of animals immunized against toxic filtrates suggests more 
a state of tolerance than true immunity. Furthermore, their experi- 
ments designed to demonstrate the presence of antibodies in the blood 
of treated rabbits have indicated some toxin-inhibiting power, but 
this was far below what might have been expected in case of a true 
exotoxin. 

The assumption seems justified that toxic compounds are present 
in young filtered broth cultures of B. paratyphosus B, and the immunity 
experiments tend to show that the toxins produced by these bacilli are 
bodies with antigenic properties. 

CONCLUSIONS 

In broth cultures soluble toxic substances are produced within 
24 hours by some strains of B. paratyphosus B. 

These toxic substances produce constant pathologic effects and are 
of the nature of true soluble toxins, inasmuch as they stimulate the 
formation of antitoxins. 

The toxic substances are comparatively themostabile, since they 
resist boiling for 5 minutes at 100 C. 

» Jour. Med. Research, 1915, 31, p. 523. 
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APPENDIX 

Strain 4. — From the American Museum of Natural History. The organ- 
ism is apparently avirulent and does not produce toxins. 

Strain 12. — Isolated from blood in paratyphoid fever October, 1912. 21 The 
organism is virulent (when subcutaneously injected) ; 0.1 of 1 c.c. of a 24-hour 
broth culture kills a white mouse in 14-19 hours. The toxin-generating power 
of this strain is not very high. 

Strain X. — From the Department of Health of the City of New York, 
through the courtesy of Dr. W. H. Park. It is not virulent and produces 
only weak toxins. 

Strain Y. — Origin unknown but believed to have been isolated at the Army 
Medical School by Major Russell, about 1908. The bacillus, although not very 
virulent, produces strong toxins in broth cultures. 

Strain 180. — Isolated from pie mixture in a food-poisoning outbreak at 
Westerly, R. I., by Dr. H. Bernstein. 22 The organism is a very good toxin- 
producer, but not highly virulent. One tenth of 1 c.c. of a 24-hour broth 
culture kills a mouse in 4 days when subcutaneously injected. 

Strain 185. — Isolated by Dr. Cole from the pus of a suppurating lymph 
gland in the neck of a patient. 23 The bacillus produces strong soluble toxins, 
but is not very virulent. 

Strain 209. — Isolated August, 1916, from human blood. The organism is 
virulent. The usual dose kills a mouse within 24 hours. Its toxigenic power 
is not very marked. 

Strain 210. — Isolated from human blood, August, 1916. The organism is 
virulent. One tenth of 1 c.c. kills a mouse within 24 hours.. It has a mod- 
erate toxin-producing power. 

Strain 211. — Obtained from feces of a paratyphoid case, August, 1916. 
The toxin-producing power of this strain is decidedly higher than of Strains 
209 or 210. 

With the exception of Strains X and Y, these cultures were obtained from 
Professor Jordan. Full data as to the characteristics of these strains are given 
in his article. 24 

21 Irons and Jordan: Jour. Infect. Dis., 1915, 17, p. 234. 

22 Jour. Am. Med. Assn., 1916, p. 167. 

23 Jour. Infect. Dis., 1916, 18, p. 349. 
2 < Ibid., 1917, 20, p. 457. 



